The mouse major histocompatibility complex (MHC) is located on chromosome 17 and encodes the highly polymorphic cell surface transplantation antigens H-2K, H-2D, and H-2L (18, 21) . These 45-to 48-kilodalton (kDa) glycoproteins are noncovalently associated extracellularly with a nonpolymorphic 12-kDa polypeptide called P2-microglobulin (12m) (9) . P2m, encoded on chromosome 2, is essential for membrane insertion of class I molecules and stabilization of their tertiary structure (1, 28, 39) .
Class I antigens are expressed on most murine somatic cells, although in different amounts. There are few or no class I antigens in the central nervous system and pancreas, intermediate levels in liver and kidney, and high levels in spleen, lung, and muscle (25) . Similar distribution was also reported in human tissues (10) . Class I expression can be stimulated in various cell types by interferons (42) . Interestingly, there is no expression of class I antigens in early development and in embryonal carcinoma (EC) cells (37) . Class I expression is induced after differentiation of EC cells and corresponds with the appearance of class I antigens later in mouse development (36, 40, 43) .
The class I antigens are involved in several pathways of the immune system (21) . They play an important role in self-nonself discrimination as specific target antigens to cytotoxic T lymphocytes. Viral antigens on the surface of infected cells and tumor-associated antigens on cells altered by neoplastic transformation are recognized only in the context of MHC class I antigens (19, 63) . Tumor cells frequently show quantitative alterations in their expression of H-2 molecules compared with cells from the corresponding normal tissues (11, 16, 46, 52, 57) . Reduced expression of one or more H-2 antigens appears to be associated with the ability of tumor cells to escape surveillance by cytotoxic T lymphocytes and in some cases can facilitate metastatic spread (8, 47, 58) .
Due to multiple retroviral insertions, ageing AKR mice frequently develop tumors, particularly thymomas, that can easily be grown in cell culture (35) . Independently isolated AKR tumor cell lines express variable amounts of H-2Kk molecules on their surface (48) . AKR tumor cells with normal or high levels of H-2Kk molecules are readily lysed by cytotoxic T lymphocytes and cannot form tumors when reintroduced into normal AKR mice (14, 47) . Cell lines with reduced H-2Kk expression cannot be killed by specifically sensitized T lymphocytes and can form tumors. It appears that the lack of H-2Kk antigens gives the AKR leukemias a selective advantage for tumor progression. Consequently, to understand the molecular basis of tumorigenesis, the mechanism of class I antigen suppression must be elucidated.
After restoration of H-2Kk expression in negative cells by gene transfection, AKR tumors lose their ability to grow in vivo (22) . These results, as well as preliminary RNA analysis, indicate that expression of the H-2Kk antigen in AKR leukemias is regulated at the transcriptional level (22, 48) . The transcriptional control of MHC class I genes has been extensively studied, and a number of cis-acting elements and trans-acting factors have been identified. Multiple regulatory sequences contribute to proper expression of the class I genes (6, 26, 27) . In particular, a cis-acting element found TRANSCRIPTION FACTOR INACTIVE IN TUMORIGENIC CELLS perfect dyad symmetry, one part overlapping with a consensus interferon response sequence (23, 26, 27, 36) . Two nuclear factors, called H2TF1 and KBF1, interacting with this sequence have been characterized independently (7, 24, 62) . At present it is not clear if these proteins are identical or related factors.
Here, it is demonstrated that the levels of H-2Kk mRNA in AKR leukemia lines reflect the amounts of H-2Kk antigen present in the cell membrane. We cloned part of the 5' enhancer region of the H-2Kk gene in front of a reporter gene and show that it functions only in leukemia cells expressing high levels of H-2Kk antigen. Techniques that can probe DNA-protein interactions reveal that H-2Kk-negative cell lines contain significantly reduced levels of a nuclear protein which binds to the highly conserved 5' regulatory motif. Since this cis-acting element is essential for class I gene expression, these results indicate that tumorigenic cell lines suppress expression of class I genes by specifically inactivating the corresponding transcription factor. Moreover, the amounts of this nuclear protein in different tissues vary significantly and parallel the levels of MHC class I antigens present on their surface.
MATERIALS AND METHODS
Cell lines and preparation of nuclear extracts. The AKR (H-2k) leukemias were kindly provided by P. Krammer (Heidelberg, Federal Republic of Germany [FRG] ). They were grown in tissue culture in RPMI 1640 medium, supplemented with 10%o heat-inactivated fetal calf serum (FCS), glutamine, antibiotics, and 5 x 10-5 M P-mercaptoethanol.
For extract preparation, 3 liters of cells were grown in glass bottles to a density of 106 cells per ml. The extracts were made as described previously (12, 60) and contained between 10 and 20 mg of protein per ml.
Monoclonal antibody. A hybridoma cell line producing H-2Kk_specific monoclonal antibody (MAb 100-5) was obtained from G. Hammerling (Heidelberg, FRG) . The MAb has been characterized (29) and was used as the culture supernatant. Interferon treatment. Mouse interferon type I (alpha and beta) of a high specific activity (108 U/ml) was obtained from A. Senkik (Paris, France). The optimal concentration for the stimulation of H-2 expression in the AKR leukemic cells was found to be 104 U/ml.
Indirect immunofluorescence FACS analysis. Indirect fluorescence staining was performed with 0.01 ml of MAbcontaining hybridoma culture supernatant per S x 105 cells. A fluorescein isothiocyanate (FITC)-conjugated sheep F(ab')2 anti-mouse immunoglobulin (New England Nuclear, Dreieich, FRG) was used as the second antibody. Incubation with MAblOO-5 was carried out for 1 h at 4°C in 1 x phosphate-buffered saline (1 xPBS) containing 2% FCS and 0.05% NaN3 (buffer I). The second incubation with the FITC-conjugated antibody was carried out for 1 h at 4°C in lxPBS buffer containing 0.1% bovine serum albumin and 0.05% NaN3 (buffer II). Cells were washed twice in buffer I and resuspended at 106 cells per ml for quantitative analysis in a modified fluorescence-activated cell sorter (FACS II; Becton Dickinson, Palo Alto, Calif.) connected to a logarithmic amplifier covering fluorescence intensities over a range of 100 to 103.
Recombinant plasmids. The following plasmids were used and have been described previously: p209 A21 (17); pH2IIa contains a cDNA which recognizes all class I sequences (56); mouse b2m cDNA (37); pH-2d-5b contains a cDNA specific for H-2K sequences (61) ; plasmid pHpAlacZ, which contains the ,-actin promoter in front of a P-actin-lacZ fusion gene, was kindly provided by A. Puschel (Gottingen, FRG). The cosmid containing the H-2Kk gene was a generous gift of M. Steinmetz (Basel, Switzerland).
Oligonucleotides. The following oligonucleotides were used for double-stranded DNA for gel retardation: p.E1 (5'-ctAgaGTTGAGTTGAGTCAAGATGGCCGATCAGAA CCAGAACACCTGCA); ,u.E2 (5'-GACCGTCCTTCGT CCAGTACACCGTTCCGATAA); Hi (5'-ggg GTCAG GGGTGGGGAAGCCCAGGGCTGGGGATTCCCCA TC); and S10 (5'-cccTGGGGA.C-lT-lCCACACCCTA). ,uE1 and ,uE2 are the regions 334 to 380 and 385 to 417 of the immunoglobulin heavy-chain gene enhancer (numbering according to reference 13), respectively. Lowercase letters define sequences not present in genomic DNA coding for restriction sites. The H2TF1/KBF1 site in Hi and the NF-KB site in S10 are underlined. For single-stranded DNA for primer extension, the oligonucleotides were Ul (5'-GGTG GTATATCCAGTGAYT-l--l-l-l-lCTCCAT) and P5a (5'-GG CTGGCCGGGCTTACCTGG).
Analysis to mRNA and hybridization. Isolation of total cytoplasmic RNA from AKR leukemias, Northern (RNA) blotting, and hybridization to different cDNA probes were carried out as described previously (48) .
Gel retardation. The reaction mix consisted of end-labeled double-stranded oligonucleotides (5,000 to 10,000 cpm), 10 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), (pH 8.0), 1 [32] ). After the run, gels were dried and autoradiographed.
DNase I footprinting. Sequencing reactions and radioactive labeling were carried out according to standard procedures (32) . The DNase I footprinting reaction mix consisted of 10 mM HEPES (pH 8.0), 0.1 mM EDTA, 100 mM NaCl, 2 mM dithiothreitol (DTT), 10,000 cpm of end-labeled fragment, 1 ,ug of poly[d(I-C)] as unspecific competitor DNA, and 40 to 200 mg of nuclear extract. The final volume was 45 ,ul. For the binding reaction, the probes were incubated for 30 min at 25°C and then transferred on ice. In a next step, 1 .1 of 0.1 M MgCl2 and 5 ,lI (0.5 to 1 pg) of diluted DNase I (Sigma Chemical Co.; stock solution, 2 mg/ml in 50% glycerol) were added. Dilution buffer was 10 mM HEPES (pH 8.0)-0.1 mM EDTA-100 mM NaCl-2 mM DTT. After 5 min at room temperature, the reaction was stopped by addition of 250 ,ul of 0.2% sodium dodecyl sulfate-0.6 M sodium acetate (pH 5.2)-30 pug of tRNA per ml-300 RI1 of phenolchloroform-isoamyl alcohol (25:24:1). After extraction and ethanol precipitation, the pellet was washed in 70% ethanol and suspended in denaturing loading buffer prior to electrophoresis on a denaturing urea-6% polyacrylamide gel (32) . For control reactions without protein, the nuclear extract was substituted by dilution buffer and 0.1 to 0.5 ,ug of DNase I was used. concentration of 0.5 mM each. The DNA concentration was 40 ,ug/ml. MgCl2 was added to 2 mM, KCI to 50 mM, creatine phosphate to 0.5 mM, and spermidine trihydrochloride to 4 mM. The components were mixed together at room temperature, and the in vitro transcription was carried out for 60 min at 33°C. The reaction was stopped by addition of 250 IlI of 0.5 M NaCl-0.1% sodium dodecyl sulfate-i mM EDTA (pH 8.0)-S50 g of proteinase K per ,u-10 mg of tRNA per ml. The samples were extracted with phenol-chloroformisoamyl alcohol (25:24:1) and ethanol precipitated. The resulting RNA transcripts were quantified by primer extension. As primers, a 30-mer and a 20-mer single-stranded oligonucleotide coding for the first nucleotides of the cat gene and part of the P-actin gene sequence were used (oligonucleotides Ul and PSa, respectively; see above for sequences). Then, 50,000 cpm of the end-labeled primers was hybridized to the transcribed RNA overnight at 30°C. After ethanol precipitation, the pellet was carefully washed and dried at room temperature. The primer extension reaction was carried out at 42°C for containing 0.5 mM each of the four dioxynucleotides, 50 mM Tris chloride (pH 8.3), 75 mM KCI, 10 mM DTT, 3 mM MgCl2, 50 mg of actinomycin D per ml, and 100 U of Moloney murine leukemia virus reverse transcriptase. After phenol-chloroform extraction and ethanol precipitation, the pellet was washed with 70% ethanol, suspended in 6 ,ul of denaturing loading buffer, and applied to a 6% sequencing gel.
RESULTS
AKR leukemias have variable amounts of H-2K" surface antigens. The quantity of H-2Kk surface antigens in a series of tissue culture-adapted AKR leukemias varies significantly (48) . Certain AKR cell lines have very high levels of H-2Kk molecules in their membrane, while others have low or undetectable levels.
In this report, attention was focused on two extreme cases, cell lines 369 and 422. These cells were first incubated with an antibody specific for H-2K" antigen (MAb 100-5) (29) and subsequently with an affinity-purified FITC-conjugated sheep F(ab')2 anti-mouse immunoglobulin. In the control experiment, the anti-H-2Kk antibody was omitted. After antibody absorbance, the samples were subjected to quantitative FACS analysis. The 369 cells displayed high levels of H-2Kk molecules in their membrane, while 422 cells showed only very low amounts (Fig. 1) .
Interferons are known to stimulate class I expression in murine cells (42) . The experiment shown in Fig. 1 was repeated after treating the cells with mouse interferon alpha/ beta. The pattern obtained in the FACS analysis, however, was similar to that in Fig. 1 (data not shown) . It thus appears that interferon cannot induce class I expression in these two cell lines. (2) was cloned in the BglII site of the polylinker in the p209A21 vector (17) . This construct is derived from the pSV2CAT vector (17) and contains the SV40 early promoter in front of the chloramphenicol acetyltransferase gene (CAT). (B) Primer extension of in vitro transcription products. The constructs displayed in panel A were incubated with nuclear extracts prepared from 369 and 422 cells. The RNAs were subjected to primer extension, and the products were evaluated by analysis in denaturing gels. In lanes marked (-), the p209A21 vector was used. In the (+) lanes, the construct with the H-2Kk 5' enhancer region cloned in the BgII site was used. As an internal control, a P-actin promoter ,B-actin-lacZ gene construct was incubated together with the other plasmids. The arrows designate the accurately initiated transcripts directed by the H-2Kk enhancer-SV40 promoter and the ,-actin promoter. Lane M, Molecular size markers (in base pairs).
which recognizes all H-2 class I sequences (Fig. 2) . The amount of H-2Kk mRNA was significantly reduced in the negative cell line 422 and could not be stimulated by interferon, consistent with the protein results in Fig. 1 (Fig. 2A) .
Moreover, it appears that P2m and additional H-2 class I mRNAs were similarly affected ( Fig. 2B and C) . Only a slight increase was observed after interferon stimulation.
Southern analysis of chromosomal DNA isolated from positive and negative cells revealed no differences in the H-2Kk gene (data not shown). The fact that other independently isolated AKR leukemias show a phenotype similar to that of 422 (48) and the fact that more H-2 antigens and 132m are suppressed like H-2Kk suggest a general mechanism for inhibition of expression of these genes acting at the transcriptional or an early posttranscriptional level. It is likely that this mechanism affects the transcriptional level, since the promoters of the suppressed genes show similarities in their cis-acting transcriptional motifs (26) . The regulatory area of the H-2Kk gene fails to activate transcription in non-expressing cells. Part of the 5'. region of the H-2Kk gene, which contains the major enhancer (26) , was cloned in a plasmid carrying a simian virus 40 (SV40) promoter sequence in front of the procaryotic reporter gene for chloramphenicol acetyltransferase (CAT) (17) (Fig. 3A) . In vitro transcription experiments were performed with this construct and nuclear extracts from 369 and 422 cells. As a control, a plasmid carrying a ,-actin-lacZ fusion gene under the control of the P-actin promoter was used. It has been shown that cell-free systems allow correct RNA polymerase II transcription of exogenous DNA templates (33) . Furthermore, it is known that enhancer sequences at the 5' end of different promoters lead to an in vitro increase in transcriptional activity of exogenous DNA (44, 50, 53, 54) . The in vitro transcription was used because the transfection efficiency of the thymoma lines was very low, and therefore electroporation and the DEAE-dextran transfection technique could not be successfully employed in this system, as has been noted previously (5) .
The different constructs were incubated with nuclear extracts prepared from 369 and 422 cells in the presence of nucleotides. RNA was isolated and the specific products were evaluated by using primer extension. For this purpose, two oligonucleotides specific for the CAT and ,-actin-lacZ transcripts were used. Transcription was stimulated 5 to 10 times more with the 369 nuclear extract than with the 422 nuclear extract (Fig. 3B) 24). These proteins were purified in different laboratories, and it is not clear at present whether they are identical. Just upstream, another area showing homology to the SV40 core motif was equally protected in both cell lines and served as an internal control (Fig. 4A) . The protected areas are shown schematically in the context of the H-2Kk regulatory region (Fig. 4B) .
The results of the DNase I footprinting analysis were confirmed by using the gel retardation assay. An oligonucleotide (Hi in Fig. 4B ; see also Materials and Methods) spanning the symmetrical H2TF1/KBF1 binding site was radioactivelly labeled and incubated with the nuclear extracts, and the products were analyzed by gel electrophoresis. The results in Fig. 5 show that there was a strong retarded complex in 369 extracts and only a very weak one in 422.
Two additional oligonucleotides that contain the ,uE1 and p.E2 motifs of the immunoglobulin heavy-chain enhancer were used. These motifs interact with the ubiquitous NF-,uE1 and NF-,uE2 proteins, respectively (3, 45, 59) . Equal amounts of these factors were present in the 369 and 422 nuclear extracts, demonstrating that the observed difference was not an artifact of the extract preparation.
As mentioned above, the cis-acting element at position -166 of H-2Kk was recognized by the H2TF1/KBF1 transcription factor(s) (7, 24) . This motif is similar to the binding site of the transcription factor NF-KB (30) . However, the KB site is asymetric, containing only one of the two repeats. While H2TF1 recognizes the symmetrical H-2Kb site with high affinity and the KB site with low affinity, NF-KB recognizes both sites equally well (7) . To test whether NF-KB is similarly affected, a second oligonucleotide containing the KB site of the SV40 enhancer was used in the gel retardation assay (S10; see also Materials and Methods). The results showed that S10 formed a complex that was weaker and ran slightly slower than the complex obtained with Hi (Fig. 5) . Moreover, the intensity of the shifted band was considerably reduced in the negative cell line 422.
Because the Hi and S10 oligonucleotides gave mainly one shifted band in the gel retardation assay, each oligonucleotide might be recognized only by one distinct nuclear protein. To further analyze this possibility, the binding to the two probes was tested by competition experiments. Hi and S10 were radioactively labeled and incubated with 369 nuclear extracts. Competition was performed with unlabeled Hi or S10. Figure 6 shows that homologous competition was Alternatively, the discrepancy might be a result of the different probes used in the gel retardation and competition experiments. In the previous report, fragments of the H-2Kb and the immunoglobulin K light-chain enhancers were used (7), while we employed short synthetic oligonucleotides containing the corresponding sites of the H-2Kk and SV40
enhancers.
The amounts of the protein interacting with the H-2Kk enhancer follow the pattern of MHC class I expression in AKR leukemias and mouse tissues. The experiments described above suggest that at least one mechanism by which AKR leuke"mias suppress expression of class I antigens involves the inactivation of a transcription factor(s) which interacts with the H2TFl/KBF1 binding site. As Fig. 7A show that the levels of the DNA-protein complex formed with the Hi oligonucleotide correlated with the amounts of H-2Kk RNA in these cell lines. The oligonucleotide containing the p,E2 site of the immunoglobulin heavy-chain enhancer was used as a control and showed again that the differences observed were specific for the Hi oligonucleotide (Fig. 7B) . A similar result was obtained with the ,El probe (not shown).
The levels of class I antigens also differ significantly among tissues. For example, large amounts are expressed in spleen, relatively low levels in liver, and no class I antigens have been detected in brain (25) . It was interesting to see whether this mRNA distribution correlates with the level of the corresponding factor in these tissues the same way as it does in the different AKR thymomas.
Nuclear extracts were prepared from mouse brain, liver, and spleen and examined by the gel retardation method (Fig.  8) . The intensity of the retarded complex in these tissues correlated exactly with the levels of class I expression. As a control, these tissues where also analyzed for the presence of the p,El, 1ME2, and octamer-binding proteins to show that the result was not an artifact of the nuclear extract preparation (not shown) (51) . These findings suggest that inactivation or absence of H2TF1/KBF1 or a related factor(s) is a general mechanism that regulates transcription of certain class I and related genes. In brain and in liver, a second diffuse band was present that ran faster than the main complex. At this point, it is not clear if this band is due to a new protein or a modification of H2TF1/KBF1 (or NF-KB) in these tissues.
DISCUSSION
Thymoma cell lines derived from tumors in ageing AKR mice have different abilities to form leukemias when reintroduced back into animals (14, 47, 49) . Detailed analysis showed that tumorigenicity correlates with expression of MHC class I genes in the cell membrane (47) . AKR leukemias lose their tumorigenicity after H-2 antigen expression is restored (22) . In other systems, similar observations were made. For instance, the metastatic properties of murine fibrosarcomas follow the pattern of H-2 expression, and reexpression by gene transfer of H-2 genes abolishes metastasis (58) .
Several lines of evidence indicate that the molecular mechanism underlying H-2Kk gene suppression is at the transcriptional level. RNA interesting that the levels of this nuclear protein in mouse tissues correlate well with the amounts of class I antigens reported to be present in these tissues (25) . These results indicate that this factor, most probably H2TF1/KBF1, is one of the main regulators that control expression of H-2 antigens and related genes and thus support the same conclusion that was derived from transfection experiments (6, 26) . A probe (S10) which contains the NF-KB binding site showed a pattern in the gel retardation assay similar to that of the one (H1) which contains the H2TF1/KBF1 binding site. Since the different mobilities of the respective complexes and the competition experiments show that the two oligonucleotides are recognized by different proteins, it appears that the binding activity of both proteins is affected in the tumorigenic cell lines. Although H2TF1/KBF1 and NF-KB bind to similar sequences, they are distinct factors (30) . It has been proposed that H2TF1/KBF1 might be responsible for constitutive binding and transcriptional activation, whereas NF-KB might act as an inducible activator (31) . Although H2TF1/KBF1 is considered the main factor for expression of MHC class I genes, it cannot be excluded that NF-KB is also involved in their expression. Suppression of both proteins might then be responsible for the downregulation of the H-2Kk gene in the tumorigenic cell lines. The fact that only one band was detected with oligonucleotide Hi and this was not competed away efficiently by the NF-KB site of S10 indicates that NF-KB might not interact with the H-2Kk enhancer, and therefore its role remains unclear. In addition, it cannot be completely ruled out that the two proteins found in nuclear extracts of the AKR cell lines are distinct from both H2TFl/KBF1 and NF-KB.
Recently, it was shown that the different levels of MHC class I genes in certain tumor cell lines correlate with the presence of DNase I-hypersensitive sites around the genes (34) . One of these sites coincides with the H2TF1/KBF1 binding site. Since DNase I-hypersensitive sites reflect the interaction of regulatory proteins with DNA, it would be interesting to examine the levels of H2TF1/KBF1 in these cell lines. It is also noteworthy that in severe combined immunodeficiency patients, the deficiency in MHC class II expression correlates with the absence of the promoterbinding protein RF-X, providing a similar example of suppression of gene expression due to inactivation of a transcription factor (41) .
Nevertheless, additional secondary mechanisms may act to suppress class I gene expression. Cell fusion experiments between H-2-negative thymomas and a thymoma line of H-2k haplotype led to cell hybrids which lost expression of the H-2Kk gene in 8 out of 10 cases by a postulated trans-acting mechanism (5). In the two cases which retained the Kk phenotype, the class I genes of the parental H-2-negative line were not reexpressed. It (55) . The cloning and the characterization of the H2TF1/ KBF1 gene will certainly help to answer these questions. Second, a repressor might interact with the enhancer-promoter region of the H-2Kk gene. An active repression mechanism was proposed to explain the lack of H-2Ld expression in the embryonal carcinoma F9 cells (36) . Interestingly, the repression site was mapped around the H2TF1/ KBF1 binding site. There was no evidence, however, for repressor binding in the in vitro experiments described here. Third, the mechanism reported for the related transcription factor NF-KB might also operate in this case as well. Recently it was demonstrated that NF-KB is specifically and reversibly inhibited by a protein called IKB (4) . The NF-KB-IkB complex is found in the cytoplasm and dissociates after phorbol ester stimulation. Subsequently, NF-KB translocates to the nucleus and activates transcription. However, it was shown that the DNA-binding activity of H2TF1/KBF1 was not affected by the NF-KB-specific inhibitor IKB (4). Thus, the regulation of H2TF1/KBF1 remains unclear, and the presence of another specific cytoplasmic inhibitor cannot be ruled out.
The results presented here can also explain why interferon fails to stimulate expression of the H-2Kk antigen in the negative 422 cells. Interferon stimulation is mediated through an interferon response cis-acting sequence (IRS) (15) which partially overlaps the H2TF1/KBF1 binding site (23, 27, 36) . Although the interferon response sequence is necessary for stimulation, it is active only when linked to a functional enhancer (23) . If the class I enhancer is inactive in 422 cells due to the absence of H2TF1/KBF1 and NF-KB or of some related proteins, then as a consequence interferon treatment cannot stimulate expression of the class I antigens. It is true though that there is only a slight stimulation in the positive 369 cells as well. This may be because in these cells maximum expression has been achieved and no further stimulation is possible. This explanation is supported by the fact that class I expression can be stimulated in AKR leukemias with normal levels of class I antigens (48) .
Recent studies indicate that the malignancy of certain human tumors correlates with human leukocyte antigen class I expression (38) . Future work will be directed towards establishing how general is the phenomenon observed in the AKR leukemias in other tumorigenic cells. Experiments will also focus on ways to activate the transcription factor(s) in these cells. It would be of great therapeutic value if agents were identified that specifically induce the activity of these proteins in malignant cells.
